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Abstract 
The aim of this paper is to inform about the steel superstructures of a bridge located on a highway D1, 
section Jabloňov – Studenec, 1,650th km. It is the longest bridge (length approx. 670 m) among the seven 
bridges on this highway section. The bridge is situated in an area of many significant historical listed objects 
such as Levoča city, Spiš castle and Spiš canonry. This fact was considered whilst designing the architectural 
appearance of the bridge in the very first phase of the whole design – in this phase the bridge was being solved 
as disposing of an upper bridge deck supported by arches reminding gothic structures of this region. The 
structural solution of this bridge, the used materials and the realization procedure are described in this paper.    
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1. Introduction 
A new section of D1 highway, Jabloňov – Studenec, passes through a region with a lot of historical listed 
objects such as Levoča city, Spiš castle and Spiš canonry. Bridge 205, with its total length 670 m, is the longest 
bridge among the seven bridges on this highway section. Therefore it is solved as an arch bridge reminding 
gothic structures of this region. In compliance with the investor’s requirement, the realization of this bridge was 
divided into two periods. During the first period the right traffic lane had been realized and completely finished 
in 2010. The second period was being realized during the years 2011 and 2012 – the left traffic lane. 
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Fig. 1. The bridge in the II. period of the superstructure realization (photo author: J. Zajonc) 
2. Base information of the structure 
Conductor: Národná diaľničná spoločnosť, a.s. 
General designer: GEOCONSULT, spol. s r.o. 
Steel superstructures designer: DISTLER-ŠUPPA, spol. s r.o. 
Constructor: Association Jablonov –Studenec 
                    Association leader - Doprastav, a.s.  
                    Association members - VÁHOSTAV-SK, a.s. and Inţinierske stavby, a.s., Košice   
                    Steel superstructure supplier - Ingsteel, spol. s r.o. 
Development term for the I. period:  2009- 2010 
Development term for the II. period: 2011- 2012 
 
3. Bridge structure 
The total length of bridge structure 205 is approx. 669 m. It is straight regarding its direction and height. 
Longitudinal inclination is 1,05 % and for each traffic lane one-directional transversal inclination 2,5 %. The 
free bridge deck width for one traffic lane is 11,75 m. The substructure is composed of abutments (axes marked 
as 1 and 14) and 12 concrete pillars (axes from 2 to 13). The bridge disposes of nine dilatation segments 
(marked as DC).  
 
The superstructures of dilatation segment DC1 (abutment 1 up to pillar no. 4) and DC9 (pillar no. 11 up to 
abutment 14) are made as triple-span continuous beams with effective length of the partial spans 26 m + 32 m + 
26,3 m. The superstructures of DC1 and DC9 are made of pre-stressed prefabricated steel-concrete I beams 950 
mm high connected to the steel-concrete bridge deck.     
  
The superstructures of dilatation segments DC2 to DC8 are made of steel - arch bridges with composite 
steel-concrete bridge deck with effective length of the partial spans 60 m + 70 m + 3 x 80 m + 70 m + 60 m.  
     
3.1. Superstructures of dilatation segments DC2 to DC8 
 
The superstructure for the upper part is supported by concrete pillars and locally supported by a steel two-
hinged arch with pinned columns – the pinned columns passing from the arch to the steel-concrete grid (see fig. 
2 (a), 2 (b)).  
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Fig. 2. (a) superstructure of the bridge, (b) superstructure of the bridge (photo author: J. Zajonc) 
The steel grid with a composite steel-concrete bridge deck (further in the text marked as “steel-concrete 
grid”) is made of beams placed in the longitudinal direction (6 pieces each 2,8 m) and in the transversal 
direction (approx. from 9 m to 12 m, according to the span of a dilatation segment). There is a steel-concrete 
composite deck (thickness 250 mm) placed on the top of the beams.  
 
In the place, where the steel-concrete grid is supported by the concrete pillars, there is a transversal beam 
placed at the end of the steel-concrete grid – the transversal beam is placed on the pillars by means of two 
structural bearings. On the top of the arch there is a steel-concrete grid connected to the arch (in the horizontal 
direction) by means of a stiff structural bearing (spans 60 m and 70 m) or a shear stopper (spans 80 m).  
Geometrical shape of the designed arches copies the ground shape and their placement in the site. The radius 
and camber of the arches are various in the particular dilatation segments:  
  
DC 2: span 60 m, arch span L1 = 55,00 m, radius/height* R1/f1 = 37,028/14,285 m;  
DC 3: span 70 m, arch span L2 = 65,00 m, radius/height* R2/f2 = 44,969/15,926 m;  
DC 4: span 80 m, arch span L3 = 75,00 m, radius/height* R3/f3 = 52,642/16,838 m;  
DC 5: span 80 m, arch span L4 = 75,00 m, radius/height* R4/f4 = 50,681/17,776 m;  
DC 6: span 80 m, arch span L5 = 75,00 m, radius/height* R5/f5 = 53,071/17,554 m;  
DC 7: span 70 m, arch span L6 = 65,00 m, radius/height* R6/f6 = 45,395/16,183 m;  
DC 8: span 60 m, arch span L7 = 55,00 m, radius/height* R7/f7 = 38,867/15,945 m;  
 
(Height* /fi/ are heights of the top of the arch – height considered from a reference level.) 
 
Placing of a steel arch on the steel-concrete blocks (blocks of the ground structure) is ensured by the use of 
stiff bridge bearings. Eventually, a bridge bearing is protected against dirt and possible damage by sheeting.   
 
3.2. Bridge deck 
 
The major superstructure is constructed as a steel grid welded from rolled beams (for one traffic lane 4 x 
HEA 600 or HEA 650 + 2 x IPE 600, in the transversal direction each 2,8 m), in the longitudinal direction 
connected to welded I beams – transversal beams, located where the pinned columns are placed (in the 
longitudinal direction each 9,0 m to 12 m) or to a crossbeam – a welded beam with I cross-section, which is 
designed to be situated in the place where an arch and the steel-grid are connected (approx. in the middle of a 
dilatation segment). The transversal beams are supported by pinned columns designed as welded with I cross-
section having height 750 mm and width 400 mm. They are connected to the transversal beams from the steel 
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grid and the arches by means of pins in the longitudinal direction – pinned direction. The transversal beams, 
together with another transversal beam and a cross beam connecting the arches, make a frame in the transversal 
direction.  
 
The upper edge of a crossbeam copies the road inclination. The longitudinal beams are connected to the 
crossbeams thus, they form a continuous beam in the longitudinal direction. Stiffness of the assembled 
construction system during the assembly and transversal distribution of load by the grid system are ensured 
even by a transversal reinforcement situated in the thirds of a span between transversal beams. The 
reinforcement elements are made of rolled cross-sections and are connected to the longitudinal beams by means 
of bolts /8.8/. Both longitudinal and transversal beams dispose of shear connectors - studs Ø22/225. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. (a) Steel grid of the bridge deck during the assembly (photo author: J. Zajonc), (b) Steel load-bearing structures of the bridge deck 
during the assembly (photo author: F. Šuppa) 
On the top of the arches there are details enabling to place a crossbeam on the arches by means of two 
bridge bearings. A “wedge plate” placed between a bridge bearing and the bottom flange of the crossbeam was 
modified. Thus, it copies the real state inclination – measured at the assembly. In fig. 3 (a) and 3 (b) there is a 
view over steel load-bearing structures of the bridge deck during the assembly.  
On a steel grid there is a steel-concrete bridge deck. Its total thickness is 250 mm and composes of 75 mm thick 
prefabricated concrete panels (placed on longitudinal beams) and 175 mm thick monolithic concrete layer. The 
bridge deck is made of concrete C16/20-X0, XF1-Cl1-D16. 
 
3.3. Arches 
 
Each dilatation segment composes of two parallel arches for each traffic lane in their mutual distance 7000 
mm, with the same geometry. They cover each other whilst looking at them in the vertical direction. The arches 
are in the shape of a circular sector. They are designed as a closed welded box cross-section with the outer 
dimensions 1000 x 1400 mm – 60 m, 1000 x 1500 mm – 70 m, 1000 x 1500 mm – 80 m. It is made of steel 
plates – flanges P 25 x 1000 mm or P 45 x 1000 mm and the webs P 18 x 1420 mm. Shape of the cross-section 
of an arch element, is ensured by transversal diaphragms - steel plates P 12, P 16 located in the middle of the 
box cross-section. The diaphragms are situated in the place where the cross beams are connected (two arches 
are connected by means of crossbeams), in the place where the shape of the cross-section is changed and in the 
place where a construction part is closed - in the area of an assembly connection. Intermediate transversal 
braces P 16 x 120 are situated approximately each 2,2 m. The arches’ webs are stiffened where necessary – the 
stiffeners are designed to prevent the web buckling. The stiffener composes of two longitudinal braces P 16 x 
110 situated inside a cross-section. In the anchoring area – where the arches are connected to the basic 
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structure, an arch is ended with a reinforced front plate. The dimensions of the front plate correspond to the 
designed stiff bridge bearing. This is the reason why there is a shape modification designed in this place – 
change of a cross-section’s height. In the bottom part of an arch – the area of anchoring to the substructure, 
there is a modification (a thick-walled tube welded into an arch and filled with concrete C16/20-X0, XF1-Cl1-
D16 before placing into a construction part in order to increase its stiffness). This modification enabled to place 
an arch during the assembly (in order not to load a stiff bridge bearing) and it is designed thus, it can be used in 
the case of the bearings’ repair or replacement (see fig. 4.) 
 
 
 
 
 
 
 
 
 
 
Fig. 4. (a), (b) assembly placing of a steel arch – I. and II. period of the realization (photo author: J. Zajonc) 
Welded box cross-sections which the arches are made of, are mutually connected in the place of anchoring 
vertical elements supporting the bridge deck – connected by means of transversal elements – crossbeams made 
of a CHS Ф 660 x 12 mm. The detail of a crossbeam connecting to the arches forms a frame both in the 
horizontal and vertical direction.  
By pre cambering the superstructure, realized by pre-cambering the arches and an exact length of the 
particular columns ensures the required shape of the bridge after realization.  
 
There are used bolts of strength class 8.8. for the bolted connections in the steel structure. Assembly 
connections of the arches, the longitudinal beams and the cross beam placed between the arches are designed to 
be welded during the assembly. The superstructures are designed to be made of material S355N, S355NL, or 
S355J2, according to STN EN 10025-3:2004, STN EN 10025-2:2004.  
4. Superstructures of dilatation segments from DC2 to DC8 and their realization procedure 
In compliance with the agreement between the production and assembly representatives, the steel arches 
were delivered as five assembly construction parts. The length of the longest one was approximately 18 m, its 
weight was max. 23 t. Assembly of the arches and their connecting crossbeams was realized by using 
temporary supports PIŢMO, situated in the place of assembly connections (see fig. 5 (a), (b)). 
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Fig. 5. (a), (b) assembly procedure by using temporary supports PIŢMO – I. period of realization (photo author: J. Zajonc) 
The next step was welding the longitudinal and transversal beams up (steel grid of the bridge deck) into 
particular assembling parts and their placing to the designed position. In this phase, the steel structure was 
supported in the places of crossbeams or pinned columns. The pinned columns were stabilized during the 
assembly. The crossbeams, those on the top of an arch, were placed on stiff bridge bearings in the final phase. 
The cross beams were underlain in the area of their placing on an arch in a way, they do not distribute load over 
bridge bearings during the assembly of the bridge deck’s steel structure. Removing this under-laying and 
making the bridge bearings act was realized after the whole steel structure of the bridge deck had been 
assembled. After this, the bearings under the arches became active. On such steel structure, stabilized in the 
thirds, steel-concrete panels of the bridge deck were placed on. The panels were placed symmetrically from the 
edges to the middle of a DC in the longitudinal direction. They were placed symmetrically also in the vertical 
direction from the bridge axis to the edges. At the same time, concrete was being placed – steel-concrete 
crossbeams were being realized in the place, where the bridge deck was supported by the concrete columns. 
Consequently, the steel-concrete bridge deck was realized symmetrically in the longitudinal direction – from 
edges to the middle and in the transversal direction from the axis of the bridge to the edges. Thereafter, the 
bridge closings were assembled, the bridge deck was placed, and the bridge equipment (including cornices, 
walkways, drainage, crash barriers and safety fences) was finished.  
 
 
 
 
 
 
 
 
Fig. 6. View over the bridge structure (photo author: F. Tomek) 
